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PIPERIDINES AND PYRROLIDINES 

Field of this invention 

The present invention relates to novel compounds, the use of 
these compounds as medicament, the use of these medicaments 
5 in the treatment of diabetes and pharmaceutical compositions 
containing these compounds. 

Rackaround of this invention 

Diabetes is characterized by an impaired glucose metabolism 
manifesting itself among other things by an elevated blood 

10 glucose level in the diabetic patients. Underlying defects 
lead to a classification of diabetes into two major groups: 
type 1 diabetes, or insulin demanding diabetes mellitus 
(IDDM) , which arises when patients lack 0-cells producing 
insulin in their pancreatic glands, and type 2 diabetes, or 

15 non-insulin dependent diabetes mellitus (NIDDM) , which 
occurs in patients with an impaired 6-cell function besides 
a range of other abnormalities. 

Type 1 diabetic patients are currently treated 
with insulin, while the majority of type 2 diabetic patients 

20 are treated either with sulfonylureas that stimulate B-cell 
function or with agents that enhance the tissue sensitivity 
of the patients towards insulin or with insulin. Among the 
agents applied to enhance tissue sensitivity towards insu- 
lin, metformin is a representative example. 

25 Even though sulfonylureas are widely used in the 

treatment of NIDDM, this therapy is, in most instances, not 
satisfactory: In a large number of NIDDM patients, sulfonyl- 
ureas do not suffice to normalize blood sugar levels and the 
patients are, therefore, at high risk for acquiring diabetic 

30 complications. Also, many patients gradually lose the abili- 
ty to respond to treatment with sulfonylureas and are thus 
gradually forced into insulin treatment. This shift of 
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patients from oral hypoglycaemic agents to insulin therapy 
is usually ascribed to exhaustion of the 6-cells in NIDDM 
patients . 

In normals as well as in diabetics, the liver produces 
5 glucose in order to avoid hypoglycemia. This glucose produc- 
tion is derived either from the release of glucose from gly- 
cogen stores or from gluconeogenesis, which is a de novo 
intracellular synthesis of glucose. In type 2 diabetes, how- 
ever, the regulation of hepatic glucose output is poorly 
10 controlled and is increased, and may be doubled after an 
overnight fast. Moreover, in these patients there exists a 
strong correlation between the increased fasting plasma 
glucose levels and the rate of hepatic glucose production 
(reviewed in R.A. De Fronzo: Diabetes 37 (1988), 667 - 687; 
15 A. Consoli: Diabetes Care 15 (1992), 430 - 441; and J.E. 
Gerich: Horm.Metab.Res . 26 (1992), 18 - 21). Similarly, 
hepatic glucose production will be increased in type 1 
diabetes, if the disease is not properly controlled by 
insulin treatment. 
20 Since existing forms of therapy of diabetes does not 

lead to sufficient glycaemic control and therefore are un- 
satisfying, there is a great demand for novel therapeutic 
approaches. Since the liver in diabetes is known to have an 
increased glucose production, compounds inhibiting this 
25 activity are highly desirable. 

Recently, patents on inhibitors of the liver specific 
enzyme, glucose-6-phosphatase, which is necessary for the 
release of glucose from the liver, have been filed, for 
example German Of fenlecrunasschrift Nos. 4,202,183 and 
30 4,202,184 and Japanese patent application No. 4-58565. All 
these known compounds are benzene derivatives. 

International patent application having publication No. WO 
92/16640 relates to di-, tri- and tetrasaccharides that are 
substrates or inhibitors of glycosyltransferase and glyco- 



WO 95/24391 



PCT/DK95/00111 



3 

sidase enzymes. Some specific compounds mentioned therein 
are 2 , 3 , 4 , 5-tetrahydroxypiperidine , 3,4, 5-trihydroxy-6- 
* methylpiperidin and 3, 4-dihydroxy-5-roethylpiperidine. 

International Patent Application No. WO 92/21657 
5 relates to certain a>-deoxyazapyranoses, e.g. 3,4-dihydroxy- 
5-methylpiperidine mentioned in Claim 16 thereof. It is 
stated that these compounds have glucosidase inhibiting 
properties . 

European patent application having publication No. 
10 528 r 495 Al relates to a class of azacyclic compounds, i.e. 
compounds comprising an azacyclic ring system substituted by 
arylmethyloxy or an arylmethylthio moiety. These compunds 
may be useful as tachykinin antagonists. 

European patent application having publication No. 
15 375,651 Al relates to 1,4-dideoxy-l, 4-imino-L-allitol and 
derivatives thereof having glycosidase inhibitory activity. 

European patent No. 947 B2 relates to derivatives of 
3,4, 5-trihydroxypiperidine having a-glucosidase inhibitory 
activity which can be used for the treatment of diabetes. 
20 European patent No. 22,192 Bl relates to 1-alkadien- 

2 . 4- yl-2-hydroxymethyl-3 , 4 , 5-trihydroxypiperidines having 
maximal action on a-glucosidase hydrolases and lipid ab- 
sorption which can be used for the treatment of diabetes. 

European patent application having publication No. 
25 481,950 A2 relates to 3-fluoro analogs of 2-hydroxymethyl- 

4 . 5- dihydroxypiperidines having glycosidase inhibition 
activity. 

In J.Am.Chem.Soc. 113 (1991), 6678, 3 , 4-dihydroxypiper- 
idine, 3 , 4-dihydroxy-5-methylpiperidine and 3 , 4-dihydroxy-6- 
30 methylpiperidine are described as new compounds. 

In J.Cell.Biochem. , 1994, Suppl. 18D, 194 (published on 
9 March 1994) some catalytic antibodies, e.g. (3R,4R,5R)~ 
3 , 4-di-hydroxy-5-hydroxymethylpiperidine hydrochloride and 
methyl 6 , 7-dideoxy-7- ( (3R, 4R r 5R) -3 , 4-dihydroxy-5-hydroxy- 
35 methylpiperidinyl) -a-D-glucoheptopyranoside hydrochloride, 
are described. 
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In Dansk Kemi 74 (1993) f 31, it is mentioned that Ms. 
Jespersen is making a report (dissertation) concerning syn- 
thesis of (3R, 4R, 5R) -3 , 4-dihydroxy-5-hydroxymethylpiperidine 
and it is stated therein that, possibly, this report is 
5 available. In this report, it is stated that this compound 
is a potential glycosidase inhibitor. Also in this report, 
3-benzyloxy-4-hydroxy-5-hydroxymethylpiperidine is mentioned 
as an intermediate. 

Moreover, scientifically it is well realized that in- 
10 hibition of glycogen phosphorylase is a suitable target for 
the treatment of diabetes (Martin et al., 1991; Biochemistry 
30: 10101-16; Oikonomakos et al., 1994; Eur. J. Drug Metab. 
Pharmakokin. 3: 185-92). These groups have used glucose ana- 
logs. 

15 One object of the present invention is to furnish compounds 
which can be used as medicaments. 

A further object of this invention is to furnish com- 
pounds which can effectively be used in the treatment of 
diabetes. 

20 A still further object of this invention is to furnish 

compounds which can effectively be used as inhibitors of 
glucose production from the liver. 

Brief description of this invention 

Surprisingly, it has been forund that compounds of the 
25 general formulas I and II stated in the claims, below, have 
interesting pharmacological properties. For example, the 
compounds of this invention can be used in the treatment of 
diabetes. Especially, the compounds of this invention are 
active as inhibitors of glucose production from the liver. 
30 Consequently, the compounds of this invention can be used 
for the treatment of the increased plasma glucose levels in 
diabetics. 
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Detailed description of this invention 

Hereinafter, the term alkyl, when used alone or in com- 
bination with another moiety, is a straight or branched 
alkyl group which preferably contains not more than 8 carbon 
5 atoms , more preferred not more than 4 carbon atoms. Especi- 
ally preferred alkyl groups are methyl, ethyl, propyl and 
isopropyl . 

Preferably, hydroxyalkyl is hydroxymethyl or hydroxy- 
ethyl. Preferably, alkoxy is methoxy or ethoxy. Preferably, 

10 halogen is chloro, bromo or fluoro. Preferably, alkyl amino 
is methylamino. Preferably, acylamino is alkylcarbonylamino, 
more preferred acetylamino. Preferably, dialkylamino is N,N- 
dimethylamino. Preferably, carboxyalkyl is methoxycarbonyl . 
Preferably, alkylthio is methylthio or ethylthio. Prefer- 

15 ably, alkenyl is ethenyl or propenyl. Preferably, alkyl- 
phenyl is o-, m- or p-tolyl. 

When the term trialkyl ammonium ion is used herein 
without stating which ion it is connected to, it is to be 
understood that it is connected to an ion, preferably the 

20 residue of an acid from which, for example, a hydrogen atom 
has been removed. Similar considerations apply for the terms 
quaternary ammonium base ion and N,N,N-trialkylammonium ion. 

The term monosaccharide moiety designates a monosac- 
charide from which a hydrogen atom has been removed. 

25 Examples of preferred monosaccharides usable to form such 
moities (R 1 ) are glucose, fructose, galactose, mannose and 
methyl 6 , 7-dideoxy-D-gluco-hepto-pyranoside . 

Examples of preferred compounds of formula 1 and II are 
(3R, 4R, 5R) -3 , 4-dihydroxy-5-hydroxymethylpiperidine, 3 , 4-di- 
3 0 hydroxy-5-hydroxymethy Ipiper idine , 3 -benzyloxy-4 -hydroxy-5- 
hydroxymethylpiperidine, 3 , 4-dihydroxy-5-hydroxymethyl- 
piperidine N- (7- (methyl 6, 7-dideoxy-D-gluco-heptopyrano- 
side) ) , 3 , 4-dihydroxy-5-methylpiperidine, 3 , 4-dihydroxy-5- 
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ethylpiperidine , 3 , 4-dihydroxy-5-propylpiperidine , 3 , 4-di- 
hydroxy-5-isopropylpiperidine, 3 , 4-dihydroxy-5-phenylpiper- 
idine, 3 , 4-dihydroxy-5-hydroxyethylpiperidine, 3 , 4-di- 
hydroxy-5-f luoromethylpiperidine, 3 , 4-dihydroxy-5-chloro- 
5 methylpiper idine , 3 -hydroxy-5-hydroxymethylpiper idine , 3 - 
hydroxy-4 -f luoro-5-hydroxymethylpiper idine , 3 -hydroxy-4 - 
chloro-5-hydroxymethylpiperidine, 3-f luoro-4-hydroxy-5- 
hydroxymethylpiper idine, 3-chloro-4-hydroxy-5-hydroxymethyl- 
piperidine , 4 -hydroxy-5-hydroxymethylpiper idine , N-methyl- 
10 3 , 4-dihydroxy-5-hydroxymethylpiperidine, N,N-dimethyl-3 , 4- 
dihydroxy-5-hydroxymethylpiperidinium chloride, (3R, 4R) -3- 
hydr oxy- 4 -hydroxymethy lpyrrol idine , 3 -hydroxy-4 -hydroxy- 
methylpyrrol idine, 3 -benzyloxy-4-hydroxyme thy lpyrrol idine, 

3 - hydroxy-4 -hydroxymethy lpyrrol idine N- (7- (methyl 6 , 7-dide- 
15 oxy-D- qluco -heptopyranoside) ) , 3-hydroxy-4-methyl- 

pyrrolidine, 3 -hydroxy-4 -ethy lpyrrol idine, 3 -hydroxy-4 -prop- 
y lpyrrol idine , 3 -hydroxy-4 -isopropy lpyrrol idine, 3-hydroxy- 

4 - pheny lpyrrol idine , 3 -hydroxy-4 -hydroxy ethy lpyrrol idine , 3- 
hydroxy-4-fluoromethylpyrrolidine, 3 -hydroxy-4 -chloromethyl- 

2 0 pyrrol idine , 3 -hydroxy-4 -hydroxymethy lpyrrol idine , 3 - 
hydroxy-4 -hydroxymethy lpyrrol idine, 3-f luoro-4-hydroxy- 
methy lpyrrol idine, 3-chloro-4-hydroxymethylpyrrolidine, N- 
methyl-3-hydroxy-4-hydroxymethylpyrrolidine and N, N-di- 
methyl-3-hydroxy-4-hydroxymethylpyrrolidinium chloride. 

25 The compounds of formulas I and II may be presented as a 
mixture of enantiomers which, if desired, may be resolved 
into the individual pure enantiomers. This resolution may 
conveniently be performed by fractional crystallization from 
various solvents, of the salts of compounds of the formula I 

30 or II with optical active acids or by other methods known 
per se, for example, chiral column chromatography. This 
invention includes all isomers, whether resolved or mixtures 
thereof . 

Examples of pharmaceutical ly acceptable salts are acid 
35 addition salts with non-toxic acids, either inorganic acids 
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such as hydrochloric acid, sulphuric acid and phosphoric 
acid, or organic acids such as formic acid f acetic acid, 
propionic acid, succinic acid, gluconic acid, lactic acid, 
citric acid, ascorbic acid, benzoic acid, embonic acid, 
5 methanesulphonic acid and malonic acid. 

The compounds of formulas I and II are prepared by 
methods known E£r se by the skilled art worker, for example 
as described in the following. One synthetic strategy can be 
to employ a chiral Cerny epoxide (Tanka, T. and Cerny, M. 

10 Collection Czechoslov. Chem. Coromun : 36 (1971), 2216), which 
is opened by a reagent to introduce a hydroxymethyl group 
(as illustrated in Example 1, below) or another alkyl or 
substituted alkyl substituent. After hydrolysis of the 
anhydro bond, the pentodialdose could be obtained by oxida- 

15 tive cleavage of the carbon chain. As illustrated in Example 
1 , ( 3R , 4R , 5R) -3 , 4 -dihydroxy-5-hydroxymethylpiperidine was 
prepared by reductive amination of the pentodialdose. Simi- 
larly, other compounds of the general formula I or II can be 
prepared by the above strategy. A variety of functional 

20 groups can be introduced in the compounds prepared as out- 
lined above by methods well known to those skilled in the 
art. 

Pharmaceutical Compositions 

This invention further provides pharmaceutical compositions 
25 which comprise at least one compound of formula I or II or a 
pharmaceutical ly acceptable salt thereof in connection with 
a pharmaceutical ly acceptable carrier. Such compositions may 
be in the form of powders, solutions, or suspensions, which 
may or may not be divided in unit dosage form or in the form 
30 of capsules or tablets. 

The pharmaceutical compositions of this invention may com- 
prise carriers, diluents, absorption enhancers, tablet dis- 
integrating agents and other ingredients which are conven- 
tionally used in the art. The powders and tablets preferably 
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contain from 5 to 99%/ more preferred from 10 to 90 % of the 
active ingredient. Examples of solid carriers are magnesium 
carbonate, magnesium stearate, dextrin, lactose, sugar, 
talc, gelatin, pectin, tragacanth, methyl cellulose, sodium 
5 cafboxymethyl cellulose, low melting waxes and cocoa butter. 

Liquid compositions include sterile solutions, suspen- 
sions and emulsions suitable for parenteral injection. 

The route of administration of the compositions con- 
taining a compound of formula I or II may be any route which 

10 effectively transports the active compound to its site of 
action, the oral or nasal route being preferred. 

The regimen for any patient to be treated with the com- 
positions according to the present invention should be de- 
termined by those skilled in the art. The daily dose to be 

15 administered in therapy can be determined by a physician and 
will depend on the particular compound employed, on the 
route of administration and on the age and the condition of 
the patient. A convenient daily dosage can be less than 
about 1 g, preferably in the range around 10 - 200 mg. 

20 The present invention is further illustrated by the 

following examples which, however, are not to be construed 
as limiting the scope of protection. The features disclosed 
in the foregoing description and in the following examples 
may, both separately and in any combination thereof, be 

25 material for realising the invention in diverse forms there- 
of. 

Example 1 

Synthesis of f 3R, 4R f 5R) -3 , 4-dihydroxy-5-hydroxymethylpiper- 

idine. 

30 The title compound was synthesized by a 6 step procedure 
starting from 1,6:2, 3-dianhydro-4-0-benzyl-/3-D-mannopyranose 
as outlined below: 
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1 , 6 -Anhydro- 4 -O-benzy 1 - 2 -deoxy- 2 -C-viny 1 -B-D-glucopyranose : 

To a stirred solution of 1, 6:2, 3-dianhydro-4-0-benzyl-B-D- 
mannopyranose (prepared as outlined by Tanka, T. and Cerny, 
M. Collection Czechoslov. Chem. Commun : 36 (1971) , 2216) 
5 (5.0 g, 21.3 mmol) in dry tetrahydrofurane (hereinafter 
designated THF) (25 ml), was added a solution of 1.77 M 
vinylmagnesiumbromide in THF (120.5 ml, 213 mmol) . The mix- 
ture was gently re fluxed for 3 h at 60 *C. After cooling to 
room temperature, a 2 M NH 4 C1 aqueous solution (650 ml, pH 

10 value: 8) was slowly added. The aqueous layer was extracted 
with ethyl acetate (2 x 250 ml). The combined organic layers 
were dried (MgS0 4 ) , filtered and concentrated. The crude 
product (4.87 g, 87%) was purified by flash chromatography 
using ethyl acetate/pentane (1:2) as eluent, to give 

15 1 , 6-anhydro-4-o-benzyl-2-deoxy-2-Ovinyl-B-D-glucopyranose 
as a white crystalline compound in 75.5% (4.23 g) yield. 
After recrystallization in ethanol, the melting point was 88 
- 91°C. 13C-NMR (50 MHz, CDCI3) : 6 135.5 (CH=) ; 137.7, 
128.3, 127.6, 127.5 (phenyl, hereinafter designated Ph) ; 

20 117.2 (CH 2 =) ; 103.5 (C-l) ; 78.8 (C-4) ; 74.6 (C-3) ; 71.3, 

70.4 (C-5, 0CH 2 Ph) ; 65.4 (C-6) ; 51.8 ppm (C-2) . 1H NMR (200 
MHz, CDCI3): d 7.35 (d, 5H, Ph) ; 5.99 (m, 1H, CH=CH 2 ) ; 5.25 
and 5.17 (s, 1H and d, 1H, CH 2 =) ; 4.63 (dd, 3H, 0CH 2 Ph and 
H-5); 4.09 and 3.75 (d, 1H og m, 2H, H-3, H-6 og H-6 1 ); 3.43 

25 (s, 1H, H-4) ; 2.80 (broad s, 1H, OH); 2.45 (d, 1H, H-2) . 
Analytical calculation for c i5 H is°4 : C: 68.69; H: 6.92. 
Found: C: 68.58; H: 6.94. 

1, 6-Anhydro-4-0-benzyl-2-deoxy-2-C-hydroxymethyl-S-D-gluco- 
pyranose : 

30 A stream of ozone (0.36 mmol/minute) was passed through a 
solution of 1, 6-anhydro-4-0-benzyl-2-deoxy-2-C-vinyl-B-D- 
gluco -pvranose . (3.36 g, 12.8 mmol) in ethanol (100 ml) for 

43.5 minutes. The solution of the ozonide was transfered to 
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a three necked round bottomed flash equiped with thermometer 
and a dropping funnel containing a solution of NaBH 4 (3.87 
g, 102 mmol) in ethanol/water (1:1; 35 ml). The solution of 
NaBH 4 was added dropwise in such a manner to keep the tempe- 
5 rature below 20°C (cooling on ice bath). After stirring for 
45 minutes, Amber lite IR 120 , H + (100 ml) was added. After 
stirring for another 30 minutes, the ion exchange resin was 
filtered off and rinsed with water. The solution was evapor- 
ated and co-concentrated with methanol (3 x 80 ml). The re- 

10 sidue was a colourless sirup in 96% (3.28 g) yield. This 
sirup was flash chromatographed using ethyl acetate/pentane 
(2:1) and ethyl acetate as eluent to give the title compound 
in a 63% (2.14 g) yield as a crystalline compound. In some 
runs, the crude sirup crystallised and was recrystallised 

15 from chloroform: melting point 111 - 113 °C. 13C-NMR (50 MHz, 
D 2 0): d 139, 130.1, 129.8 (Ph) r 102.0 (C-l) ; 80.5 (C-4) ; 
76.1 (C-3); 72.9 (OCH 2 Ph) ; 67.4 (C-5) ; 66.2 (C-6) ; 61.7 
(C-2 1 ); 49.0 ppm (C-2) . Analytical calculation for C 14 H 18 0 5 : 
C: 63.15; H: 6.81. Found: C: 63.14; H: 6.79. 

20 4 -0-Benzy 1- 2 -deoxy-2 -C-hydroxymethy 1-D-glucopy ranose : 

1 , 6-Anhydro-4-0-benzyl-2-deoxy-2-C-hydroxymethyl-B-D-gluco- 
pyranose (1.59 g, 6.0 mmol) was dissolved in 1 M sulfuric 
acid (30 ml) by heating to reflux. The anhydride was re- 
fluxed for 1 hour. After cooling to room temperature, the 

25 solution was poured through a column containing Amberlite* 
IR 67, OH" (120 ml). The column was rinsed with water 
followed by methanol (400 ml) . The eluated liquid was con- 
centrated. The residue was a colourless sirup obtained in 
98% (1.67 g) yield. Flash chromatography using ethyl acetate 

30 and ethyl acetate/methanol (10:1) as eluent gave the product 
in 76% (1.29 g) yield. One of the anomers (0) could be ob- 
tained by crystallization in ethyl acetate in 27% yield as a 
white crystalline compound. Melting point: 102 - 105°C. 
13C-NMR (50 MHz, D 2 0) : d 136.8, 128.3, 128.0 (Ph) ; 94.1 
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(C-l, p); 91.4 (C-l, a)? 78.6 (C-4) ; 74.4 (C-3) ; 70.3 
(OCH 2 Ph, C-6 p) ; 69.5 (C-6, a); 60.3 (C-5) ; 59.1 (C-2 f , a); 
56.6 (C-2 1 , p); 47.7 ppm (C-2, a). 1H-NMR (200 MHz, D 2 0) ; 
5.13 (d, 1H, H-l (a), J 12 = 3.5 Hz); 4.48 (d, 1H, H-l (P) , 
5 J x 2 = 10 Hz). Analytical calculation for C 14 H 20 O 6 x 0.3 
H 2 0: C: 58.04; H: 7.17. Found: C: 58.07; H: 7.19. 

4-0-Benzyl-2-deoxy-2-C-hydroxymethyl-D-xylo-pentodialdose: 

To a solution of 4-0-benzyl-2-deoxy-2-C-hydroxymethyl-D- 
qluco -pvranose (1.41 g, 5.0 mmol) in methanol (15 ml), a 

10 solution of sodium periodate (5.35 g, 25.0 mmol) in water 
(50 ml) was added dropwise over 15 minutes. Further, 
methanol (25 ml) was added. The mixture was stirred at 45 °C 
for 3 hours. The precipitated iodate was filtered off, and 
the mixture was concentrated. By resolution of the residue 

15 in ethyl acetate/ ethanol (1:1; 80 ml), more iodate was pre- 
cipitated and filtered off. The mother liquour was con- 
centrated and the residue (2.07 g) was flash chromatographed 
using ethyl acetate as eluent. The purified product was ob- 
tained as a yellow sirup in 87% (1.09 g) yield and 9% of 

20 unreacted starting material (0.13 g) was isolated. The puri- 
fied product was used imidiately in the next reaction. 

(3R, 4R, 5R) -3-Benzyloxy-4-hydroxy-5-hydroxymethylpiperidine: 

To a solution of 4-0-benzyl-2-deoxy-2-C-hydroxymethyl-D- 
xvlo -pentodialdose (1.77 g) in ethanol (40 ml), 0.29 M NH 3 

25 in ethanol (162 ml) and 5% palladium on charcoal (300 mg) 
was added. The mixture was hydrogenated at 500 Psi at 20 °C 
for 15 hours. The reaction mixture was filtrated and con- 
centrated. The residue (1.85 g ) was flash chromatographed 
using ethanol/NH 4 OH (25% aqueous) /triethylamine (122:2:1) as 

30 eluent giving the product as a colourless sirup (getting 
coloured after storing) in 78% yield. 13C-NMR (62.9 MHz, 
D 2 0): 6 138.1, 128.1, 127.3 (Ph) ; 80.6 (C-3) , 74.9 (C-4); 
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71.8 (OCH 2 Ph); 62.5 (C-5'); 48.0 (C-2) ; 46.8 (C-6) ; 45.0 ppm 
(C-5). 1H-NMR (500 MHz, D 2 0) : 6 7.3 (s; 5H, Ph) ; 4.65, 4.51 
(2 d, 2H, OCH 2 Ph, J gem = 12 Hz); 3.66 (dd, IH, H-5a', 
J 5a , 5b , = 10 Hz, J 5a i >5 = 5.5); 3.57 (dd, IH, H-5'b, 
5 J 5a / 5b i - 10 Hz, J 5b i f5 - 4.5); 3.41 (dd, IH, H-4, J 3f4 - 
11 Hz, J 4 5 = 9 Hz); 3.3 (broad, N-H) ; 3.27 (dd, IH, H-3, 

J 3,2zx = 11 Hz ' J 3,2eq = 4 Hz > f 3,22 (dd ' 1H ' H_2ec *' 
J2eq,2ax = 1]L ' J 2eq',3 " 4 Hz > ' 2 - 97 < dd ' 1H ' H " 6 eq ' 
J 6eq,6ax = 12 Hz ' J 6eq,5 = 4 Hz > ' 2 ' 38 <*' 1H ' H ~ 2aX ' 
10 J 2ax ,2eq = J2ax,3 = 11 Hz); 2.31 (t, IH, H-6ax, J 6aX/6eq = 

J 6ax,5 = 12 Hz > 1 - 80 ppm (m ' 1H ' H " 5 )- 

( 3R, 4R, 5R) -3 , 4-Dihydroxy-5-hydroxymethylpiperidine hydro- 
chloride: 

(3R,4R, 5R)-3-Benzyloxy-4-hydroxy-5-hydroxymethylpiperidine 
15 (0.527 g, 2.2. mmol) was dissolved in 0.5 M HC1 (5.3 ml) and 
ethanol (50 ml) and 5% palladium charcoal (300 mg) was 
added. The mixture was hydrogenated at 101 kPa and 20 *C for 
18 hours. The reaction mixture was filtrated and con- 
centrated to give the product in 93% (0.375 g) yield. 
20 13C-NMR (50 MHz, D 2 0) : d 70.7 og 68.1 (C-3 og C-4) ; 58.6 
(C-5'); 46.2 og 44.4 (C-2 og C-6); 40.6 (C-5). 1H-NMR (500 
MHz, D 2 0, Ph < 1, ref. 4.63 ppm): d 3.72 (dd, IH, H-5b', 

J 5a«,5b' = ll « 5 ' J 5,5b» = 3 - 3 Hz > f 3,67 (ddd ' 1H ' H ~ 3 ' 

J 3,2ax = X1 - 2 ' J 3,4 = 8 * 9 ' J 3,2eq = 4,9 Hz > J 3 ' 64 < dd ' 1H ' 
25 H-5a«, J 5a t f5b i = 11.5, J 5a . f5 - 6.2 Hz); 3.43 (ddd, IH, 

H-2eq, J 2eq ,' 2ax = 12 ' 7 ' J 2eq,3 = 4 ' 9 ' J 2eq,6eq " 2.0); 3 - 42 
(dd, IH, H-4, J 4 5 - 10.5, J 4 3 = 8.9 (Hz); 3.41 (ddd, IH, 
H-6eq, J 6eq , 6ax = 13.4, J 6eq , 5 = 3.8, J 6eq , 2eq = 2.0 Hz); 
2.87, 12.7, J 2aX/3 - 11-2 Hz); 1.86 ppm (ddddd, IH, H-5). If 
30 necessary, the piperidine could be chromatographed using 
ethanol/NH 4 OH (25% aqueous) (10:1) to give the free piperi- 
dine. Analytical calculation for C 6 H 13 N0 3 : C: 48.97; H: 
8.90; N: 9.52. Found: C: 48.46; H: 9.33; N: 9.17. 
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Example 2 

Experimental protocol and results. 

Rat hepatocytes were isolated using a standard two step 
collagenase technique, and cultured onto collagen coated 
5 culture dishes for 72 hours in medium 199 with the addition 
of dexamethazone (0.1 MM) ; penicillin/Streptomycin ( (100 
u/100 iig)/ml) and insulin (1 nM) . During the last 24 hours, 
the hepatocytes were cultured in the presence of high levels 
of insulin (5 nM) and glucose (15 mM) , which result in the 
10 incorporation of glucose into glycogen. Therefore, at the 
time of the experiment, the cells mimic livers from fed ani- 
mals. 

Experiments were initiated after 72 hours of culture by 
2 times wash of cells and addition of a 20 mM HEPES experi- 

15 mental buffer including balanced salts, but without glucose. 
The test compound was added simultaneously with the ex- 
perimental buffer. To some cultures, glucagon (0.5 nM) was 
added after 10 minutes in order to stimulate glucose produc- 
tion from liver cells. The glucose released into the media, 

20 reflecting the glucose production of the liver cells, was 
measured 70 minutes after the start of the experiment and 
standardized to cellular DNA content. 

Phosphorylase was either purchased from Sigma or extracted 
from rat livers according to Stalmans et. al. (Eur. J. Bio- 
25 chem. 49 (1974), 415). The activity of phosphorylase was 
determined as described by Bergmeyer (1983; in : Meth. of 
Enzymatic Analysis, 2 pp 293 - 295, Weinheim, (ed.) Verlag 
Chemie) . 

The activity of the glycogen debranching enzyme, a-1,6- 
30 glucosidase was determined as described by Brown and Brown 
(1966; in : Meth. in Enzymology, 8 : 515 - 524, Neufeld and 
Ginsburg (Eds.) Academic Press). 
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Table 1 below shows the results obtained with the compound 
of example 1 on basal and glucagon stimulated glycogeno- 
lysis. The effects are compared to those exerted by the 
model debranching enzyme inhibitor 1-deoxynoj irimycin 
5 (hereinafter designated dNOJ) . 



10 



Table l. Effects of Example 1 on baseline and glucagon 
stimulated glucose production from cultured liver cells. 
Values are expressed relative to the basal glucose produc- 
tion. Results obtained with the model ot-1,6 glucosidase 
inhibitor 1-deoxyno j irimycin are shown for comparison. 



Glucose production 

Without 
glucagon 



With 
glucagon 
(0.5nM) 



No addition: 
Example 1 (32jiM) : 

1-deoxynoj irimycin 
(50/xM) : 



100 % 
17 % 

89 % 



283% 
32% 

237% 



15 The results clearly demostrate the ability of the compound 
of example 1 to inhibit basal and glucagon stimulated 
hepatocyte glucose production, while dNOJ only exerted 
marginal effects. 



Table 2 compares the potency of the compound of example 1 
20 with the potency of dNOJ on various cellular and enzymatic 
activities. 
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5 


Table 2. Effects of compound of example 1 compared to 
effects of l-deoxynojirimycin on different cellular and 
enzymatic activities. The results are the concentrations 
of the compounds resulting in half maximal activity 
{I.C., n >. 






I.C.50 values (/moles/D 






Example 1 


l-deoxynojiri- 
mycin 




Liver cell glucose 
production: 








Basal: 


1.3 


> 100 




Glucagon stimulated: 


1.6 


> 100 


10 


Phosphory laser 


1.12 


> 200 




liver a-1, 6-glucosidase 


77 


2.4 




Yeast a-1 , 6-glucosidase* 


85.9 


25.4 



*From: Jespersen et al. (Angew. Chem. Int. Ed. Engl. 32 
(1994), 1778) 



15 It is apparent from the presented data in table 2 that the 
compound of example 1 is a potent inhibitor of liver cell 
glucose production. Moreover, it is also demonstrated that 
phosphorylase is inhibited by this compound in similar low 
concentrations. In contrast, the compound of example 1 is 

20 only a very weak inhibitor of a-1, 6-glucosidase either from 
liver or from yeast. 

Table 2 also demonstrates that the potent model inhibitor of 
liver a-1, 6-glucosidase was unable to inhibit either liver 
cell glucose production or phosphorylase. These data are in 
25 agreement with data obtained by Bollen and Stalmans (Eur. J. 
Biochem. 181 (1980), 775), who also concluded that a-1, 6- 
glucosidase inhibition is an insufficient principle for in- 
hibition of liver cell glucose production. 

In conclusion, the data demonstrates that inhibition of 
30 liver cell glucose production by the compounds of formula I 
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and II according to this invention, as examplified by the 
compound of example l f is mediated by inhibition of phos- 
phorylase. Consequently, the compounds of formula I and II 
can be used to inhibit both the base line and glucagon sti- 
5 mulated glucose production from liver cells. 

Example 3 
Tablets 

Tablets which are suitable for oral administration and which 
contain the below-mentioned components are produced in a 
10 manner known per se granulating the active and the auxiliary 
substances and making them into tablets. 

Each tablet contains 50 mg of the compound of formula I or 
II , e.g. the compound of Example 1, 100 mg of lactose, 30 mg 
of corn starch, 3 mg of talc powder, 3 mg of colloidal sili- 
15 con dioxide and 2 mg of magnesium stearate. 

Example 4 
Capsules 

Capsules which are suitable for oral administration contain 
the below-mentioned components are produced in a manner 
20 known per se mixing the active substances with the auxiliary 
substances and putting them into gelatine capsules. 

Each capsule contains 50 mg of the compound of formula I or 
II, e.g. the compound of example 1, 100 mg of lactose, 30 mg 
of corn starch, 3 mg of talc powder, 3 mg of colloidal sili- 
25 con dioxide and 2 mg of magnesium stearate. 
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Claims: 



1. Compounds of the general formulas I and II according to 
Claim 3 or 7, respectively. 

2. Novel compounds according to Claim 1. 

5 3. Compounds, according to Claim 1 or 2, having the 
general formula I 



wherein R 1 represents hydrogen, a monosaccharide moity or 
alkyl which optionally is substituted by one or more of the 
following groups: hydroxy, hydroxyalkyl, halogen, amino, 

10 alkylamino, dialkylamino, a trialkylammonium ion, nitro, 
formyl, carboxy, carboxyalkyl, alkylthio, alkenyl, phenyl 
and alkylphenyl, or R 1 together with the adjacent nitrogen 
atom from the piper idine nucleus represents a quaternary 
ammonium base ion residue containing two alkyl groups which 

15 optionally are substituted by one or more of the following 
groups: hydroxy, hydroxyalkyl, halogen, amino, alkylamino, 
dialkylamino, a trialkylammonium ion, nitro, formyl, carb- 
oxy , carboxyalkyl , alkylthio , alkenyl , phenyl and alkyl- 
phenyl; R 2 , R 3 , R 4 and R 6 , which are the same or different, 

20 independent of each other represents hydrogen, hydroxy, 
hydroxyalkyl, halogen, amino, alkylamino, acylamino, N,N- 
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dialkylamino, a N,N, N-trialkylammonium ion, nitro, formyl, 
carboxy, benzoxy, mercapto, alkylthio, alkenyl, phenyl and 
alkylphenyl; and R 5 represents phenyl or methyl which op- 
tionally is substituted by one or more of the following 
5 groups: alkyl, hydroxy, hydroxyalkyl , halogen, amino, alkyl- 
amino, dialkylamino, trialkylammmonium, nitro, formyl, carb- 
oxy, carboxyalkyl , alkylthio, alkenyl, phenyl and alkyl- 
phenyl; with the proviso that said compound contains at 
least 2 free or protected hydroxy groups, preferably 2 free 
10 hydroxy groups; and salts thereof. 

4. Compounds, according to anyone of the previous claims 
with the proviso that it is different from 3 , 4-dihydroxy-5- 
methylpiperidine ( 3R, 4R, 5R) -3 , 4-dihydroxy-5-hydroxymethyl- 
piperidine, and 3-benzyloxy-4-hydroxy-5-hydroxymethylpiper- 

15 idine. 

5. Compounds, according to any one of the preceding 
claims, containing at least 3 free or protected hydroxy 
groups , preferably 3 free hydroxy groups. 

6. Compounds, according to the previous claim, wherein the 
20 optionally protected hydroxy groups are the substituents R , 

R 4 and R 5 or are present in said substituents. 

7. Compounds, according to Claim 1 or 2, having the 
general formula II 
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wherein R 1 represents hydrogen, a monosaccharide moity or 
alkyl which optionally is substituted by one or more of the 
following groups: hydroxy, hydroxyalkyl , halogen, amino, 
alkylamino, dialkylamino, a tria Iky 1 ammonium ion, nitro, 
5 formyl, carboxy, carboxyalkyl , alkylthio, alkenyl, phenyl 
and alkylphenyl, or R 1 together with the adjacent nitrogen 
atom from the pyrrolidine nucleus represents a quaternary 
ammonium base ion residue containing two alkyl groups which 
optionally are substituted by one or more of the following 

10 groups: hydroxy, hydroxyalkyl, halogen, amino, alkylamino, 
dialkylamino, a tri alkyl ammonium ion, nitro, formyl, carb- 
oxy, carboxyalkyl, alkylthio, alkenyl, phenyl and alkyl- 
phenyl; R 2 , R 3 and R 5 , which are the same or different, 
independent of each other represents hydrogen, hydroxy, 

15 hydroxyalkyl, halogen, amino, alkylamino, N,N-dialkylamino, 
a N,N,N-trialkylammonium ion, nitro, formyl, carboxy, benz- 
oxy, mercapto, alkylthio, alkenyl, phenyl and alkylphenyl; 
and R 4 represents carboxy, phenyl or methyl which optionally 
is substituted by one or more of the following groups: 

20 alkyl, hydroxy, hydroxyalkyl, halogen, amino, alkylamino, 
dialkylamino, a trialkylammmonium ion, nitro, formyl, carb- 
oxy, carboxyalkyl, alkylthio, alkenyl, phenyl and alkyl- 
phenyl; with the proviso that said compound contains at 
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least 2 free or protected hydroxy groups, preferably 2 free 
hydroxy groups; and salts thereof. 

8. Compounds, according to the previous claim containing 
at least 3 free or protected hydroxy groups, preferably 3 

5 free hydroxy groups. 

9. Compounds, according to Claim 7, wherein the optionally 
protected hydroxy groups are substituents R 3 and R 4 or are 
present in said substituents. 

10. Compounds, according to any one of the Claims 3 through 
10 6, wherein R 1 is hydrogen, a monosaccharide moiety or alkyl, 

preferably methyl, or R 1 together with the adjacent nitrogen 
atom is a dialkylammonium ion, preferably a dimethyl ammonium 
ion. 

11. Compounds, according to any one of the Claims 3 through 
15 6 and 10, wherein R 2 is hydrogen. 

12. Compounds, according to any one of the Claims 3 through 
6, 10 and 11, wherein R 3 is hydroxy, halogen, preferably 
fluoro or chloro, or benzyloxy. 

13. Compounds, according to any one of the Claims 3 through 
20 6 and 10 through 12, wherein R 4 is hydroxy or halogen, pre- 
ferably fluoro or chloro. 

14. Compounds, according to any one of the Claims 3 through 
6 and 10 through 13, wherein R 5 is hydroxymethyl , hydroxy- 
ethyl, methyl, ethyl, propyl, isopropyl, f luoromethyl, 

25 chloromethyl or phenyl. 

15. Compounds, according to any one of the Claims 3 through 
6 and 10 through 14, wherein R 6 is hydrogen. 
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16. Compounds, according to any one of the Claims 7 through 
9, wherein R 1 is hydrogen, a monosaccharide moiety or alkyl, 
preferably methyl, or R 1 together with the adjacent nitrogen 
atom is a dialkylammonium ion, preferably a dimethylammonium 

5 ion. 

17. Compounds, according to any one of the Claims 7 through 
9 and 16, wherein R 2 is hydrogen. 

18. Compounds, according to any one of the Claims 7 through 
9, 16 and 17, wherein R 3 is hydroxy, halogen, preferably 

10 fluoro or chloro, or benzyloxy. 

19. Compounds, according to any one of the Claims 7 through 
9 and 16 through 18, wherein R 4 is hydroxymethyl , hydroxy- 
ethyl, methyl, ethyl, propyl, isopropyl, f luoromethyl , 
chloromethyl or phenyl. 

15 20. Compounds, according to any one of the Claims 7 through 
9 and 16 through 19, wherein R 5 is hydrogen. 

21. The compound, according to Claim 1, which is 3,4-di- 
hydroxy-5-hydroxymethylpiperidine and any of the optical 
isomers thereof. 

20 22. The compound, according to the previous claim, which is 
(3R, 4R, 5R) -3 , 4-dihydroxy-5-hydroxymethylpiperidine. 

23. The use of a compound of formula I or II according to 
any one of the preceding claims or anyone of the specific 
compounds mentioned herein and covered by formula I or II as 

25 medicament. 

24. The use of a compound of formula I or II according to 
anyone of Claims 1 through 22 or anyone of the specific com- 
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pounds mentioned herein and covered by formula I or II as a 
liver glycogen phosphorylase inhibitory agent. 

25. The use of a compound of formula I or II according to 
any one of the Claims 1 through 22 or anyone of the specific 

5 compounds mentioned herein and covered by formula I or II 
for the manufacture of a pharmaceutical composition for the 
treatment of diabetes. 

26. The use of a compound of formula I or II according to 
anyone of the claims 1 through 22 or anyone of the specific 

10 compounds mentioned herein and covered by formula I or II 
for the manufacture of a pharmaceutical composition in- 
hibiting the glucose production from the liver. 

27. A pharmaceutical composition containing a compound of 
formula I or II according to any one of the Claims 1 through 

15 22 or anyone of the specific compounds mentioned herein and 
covered by formula I or II in connection with a phar- 
maceutical^ acceptable carrier. 

28. A method of treating diabetes which method comprises 
administering an effective amount of a compound of formula I 

20 or II according to any one of the Claims 1 through 22 or 
anyone of the specific compounds mentioned herein and 
covered by formula I or II to a patient in need of such a 
treatment . 

29. A method of inhibiting the liver glucose production 
25 from the liver which method comprises administering an 

effective amount of a compound of formula I or II according 
to anyone one the claims 1 through 22 or anyone of the spe- 
cific compounds mentioned herein and covered by formula I or 
II to a patient in need of such a treatment. 
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30. Any novel feature or combination of features described 
herein. 
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